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1. FUNDAMENTAL AND DERIVED UNITS 
l\lctric 
Gnit 
metcL _ _ _ _ _ _ _____ _ 
second _ _ _ _ _ _ _ _ _ __ 







foot (or milC) _________ j ft. (or mi.) 
second (or hour) _______ sec. (or hr.) 
weight of one pound___ lb. 
Powcr__ __ _ _ _ _ P kg/m/s _____ - _____ - _ _ __ _ __ _ __ _ ___ _ horsepower __________ _ 
Speed __________________ {km/h___________________ k. p. h. mi./hr. ______________ _ hp 
ro/s____________________ ro. p. s. ft./sec. ______________ _ 
2. GENERAL SYMBOLS, ETC. 
m. p. h. 
f. p. s. 
W, Weight = mg mk2, Moment of inertia (indicate axis of the 
rn Eus of gyrntio~ k, by proper sub-
script). 
g, Standard acceleration of gravity = 9.80665 
m/s2 = 32.1740 ft./sec.2 
TV 
m, Mass=-g 
p, Density (mass per unit volume). 





S2) at 15° C. and 750 mm = 0.00237 C, 
(lb.-ft.-4 sec.2). b2 
Specific weight of "standard" air, 1.2255 S' 
Area. 





kg/in3 = 0.07651 Ib./It.3 . JJ., Coefficient of vi. cosity. 







True air speed. 
Dynamic (or impact) pressure=~ p P. 
Lift, absolute coefficient GL = q~ 
Drag, absolute coefficient GD = DS q 
Profile drag, absolute coefficient GDo = ~S 
Q, Resultant moment. 
£2, Resultant angular velocity. 
Vl 
p- ,Reynolds Number, where l is a linear 
JJ. 
dimension. 
e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, at 15° 0., the 
corresponding number is 234,000; 
or for a model of 10 em chord 40 mis, 
the corresponding number is 274,000. 
Oenter of pressure coefficient (ratio of 
distance of c. p. from leading edge to 
chord length). 
Induced drag, absolute coefficient GDi=~S 
Parasite drag, absolute coefficient GDp = ~S 
Oross-wind force, absolute coefficient 
G ~ 
GC=qS E, 
Angle of attack. 
Angle of downwash. 
Resultant force. 
~w, Angle of setting of wings (relative to ai, 
thru t line). 
Angle of attack, infinite aspect ratio. 
Angle of attack, induced. 
Angle of attack, absolute. 
(Measured from zero lift position.) 
Flight path angle. 
Angle of stabilizer setting (relative to 
thrust line). 
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PRESSURE DISTRIBUTION OVER THE FUSELAGE OF A PW-9 PURSUIT AIRPLANE 
IN FLIGHT 
By RTCUARD V. RHODI~ and EUGENE E. LUNDQUIST 
SUMMARY 
This report presents the result obtained jrom pressure 
dist7'ibution tests 011 the juselage oj a PW- 9 pursuit air-
pla lie in anum ber oj condition oj flight. The im'e ti-
gation was made to determine tAe contribution oj tAe juse-
lage to the total l1ft in condition considered crit~cal.for 
the wino structure, and also to determine whether the 
fuselage loads acting simultane01lsly with the maximum 
tail load. were of stich a character as to be oj concern with 
respect to the structural design of other parts oj the air-
plane. The tests were cond1lcted by the National Ad-
l'isory Committee jor L1erollaut1'cs at Langley Field, TYa., 
durillg the spring oj 1929. 
The results 'how that the contribution oj the juselage 
toward the total lijt i s small on this airplane, ranging 
jrom slightly less than 3 per cent at the lower angle oj 
attack to about 4- pel' cent at the higher angles, which ap-
pl'ol:imately compensates jol' the portion oj the wing area 
replaced by the juselage. Aerodynamic loads on the 
juselage are, in general, unimportant from the structural 
I'iewpoint, and in ?nO t cases they are oj s1wh character 
that, if neglected, a con, ervative design results. In 'pins, 
aerodynamic jorce' on the juselage produce di'/)1'ng mo-
ments oj appreciable magnitude and yawing moments oj 
small magnitude, but opposing the rotation oj the airplane. 
", 1 table oj cowling IHessure, jor VatiOtl maneuvers 1S 
illcl1lded in the report. 
INTRODUCTIO 
Little information exi ts concerning the magnitude 
and distl'ibu tion of the aerodynamic loads which occur 
on airplane fuselages in the Yfll'iollS conditions of flight. 
While the e loads haw generally been considered, mall 
and of little interest io the de igner, there have been 
some indications that in certain of tbe critical loading 
condition the fu elage load are appreciable and might 
ju tify their consideration in the design pecifications. 
Th.is is particularly true of the high angle of attack 
condition in which tests on the MB-3 (reference 1) 
indicated th.nt the fuselage upportecl approximately 
10 per cent of the total load. In the MB- 3 te'3ts, 
howeyer, a in aU pres lire di tribution tests involving 
only the wing or wings and tllil surface , the I II clage 
load mu t be determined h~r ubtracting the um of 
the wing and1aillond from the product of the weight 
, of the airplan Il.nd the applied load factor IlS deier-
mined from an accelerometer. This method is, oj' 
course, ctude, and fuselage loads 0 determined include 
the elTor from the wing and tail loads a wel! as 1he 
errol' from the accelerometer. The error in the fll e-
lage load, therefore, i excessive . 
It was thought advisable, in view of the lack of in-
formation on the ubject, to measure the load on a 
Iu elage directly by means oJ preS'3ure eli tl'ibu tion 
Lests. Di[l'erential pres ure'3, both normal and iran -
vel' e, were therefore measured except on the engine 
and radiator cowlings where pecial conditions made 
it necessary to measure pressure on each urface 
sepll.rately . 
Although, at pre, ent, pressure di tribution te ts arc 
the only practicable method of mea uring aerody-
namic load in flight, they can be u ed to determine 
such loads with goo.d precision only on surfaces having 
mooth contour such as airfoils. On fuselages, which 
have numerOllS points of discontinuity such a those 
at the radiator, windshield, cockpit, etc., results from 
pres me di tribu tion test can be considered at be t. 
only approxinul.te, unless an impracticably complef e 
imtallation o[ pressure orifices is used . II oweycr, since 
the aerodynamic loads on fuselages are manife t1.v of 
econdary importance in de ign, great accuracy j , not 
e ential to the practical yalue of the re lilts. 
APPARATUS AND METHOD 
The airplane used in these tests was a modified 
PW-9 pursuit airplane. (Fig. 1 and Table 1.) From 
the standpoint of the results, the modifications ,,"ere 
not important, COll isting, principally of the ub litu-
tion of a baJanced and larger rudder for the original 
one and a complete Hl.etal' covel' [01' the i'll. elage. 
These change were made in order to increase the di-
rectional tability which had been poor, and to facili-
tate the installation and maintenance of the pressure 
tube and orifices. The changes in the weight anel 
c. g. location from their former vallie were negliO'ihle 
and had no influence on the re ults. 
Two view of the tubing installation arc shown in 
Figure 2 and 3. This installation was practically 
the same a those u eel in other full- cRle pre Sllre 
distribution inve tiO'ations at Langley Field (1'efe1'-
3 
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ences 1 and 2), in that the orifices were connected in I 
pairs to the manometer, and diITerenlial pre~ ure , 
that is, pressure difference between upper and lower 
and right and left suciacos, wore mea m'od ov~r most 
of the fuselage. Exceptions to thi pl'ocedW'e were 
nece sary in orne cases, however, becau e of pecial 
conditions. At the cockpit, for instance, the normal 
or "vertical" preSSUl'es were measuTed between the 
flush orifices on the lower outer skin and static orifices 
inside and beneath the flooring. On the nose, forward 
of the fire wall, differential presSUl'e between two 
ides of the fuselage do not give the true resultant load 
because of the exi tence of an internal pre sure gradient 
caused by the flow of ail' through the radiator shell. 
For this reason pl'eSSlU'es on the engine cowling were 
measured directly between the external flush orifices 
and special static orifices mounted ju t in ide and 
opposite to them. On the radiator cowling a different 
procedure had to be followed, since the ail' velocities 
were high in ide the cowling. Here a double-skin 
A it was desired to determine the time relation 
beLween the fu elage load and the tail load, and 
because of the impracticability of mea ' uring the tail 
loads dm-ing the ote ts, two pairs of orifices (S and T, 
indicated in the results) were installed in the leading 
edge of the stabilizer and elevator, respectively. 
Previou te ts on the PW- 9 (reference ) had indi-
cated that the sum of the pres ures on the leading 
edges of the stabilizer and elevator varied roughly 
in the same manner as the total tail load. Thu, the 
curve of S + T in tbis report show the trend of the 
load on the horizontal sUl'faces, but is not a mea ure 
of it. 
It will be noted in Figure 1 of the results that the 
Iu elage characteri tics are plotted again t angle of 
attack. The angle of attack, for this purpose, wa 
obtained indirectly, no in tnmlent being available for 
measUl'ing it during the test. The method u ed 
for obtaining it involved a knowledge of the accelera-
tion, airspeed, weight, and slope of the lift curve of 
FraURE 1.- PW- 9 airplane 
cowling was u ed and differential pressUJ'es measmed 
bet\ een oppo ite flush orifice ' in the double-sl,in. 
The engine and radiator cowling installation is ho\\'n 
diagrammatically in Figure 4. 
The instruments u ed in the e tests consisted of the 
following: 
(a) Two . A. O. A. type 60 recording multiple 
manometers (reference 2). 
(b) Air-speed meter (reference 3). 
(c) Single-component accelerometer (reference 4). 
(d) TUl'llmeter (reference 5). 
(e) Oontrol-position recorder (reference 6). 
(f) Timer (reference 7). 
All these in truments, with the exception of the 
timer, give continuou photographic record over a 
period of time sufficient to completely include any 
maneuver. They are synclU'onized by means of the 
timer which completes an electrical circuit periodi-
cally (in these te ts at 1- econd intervals) and causes 
vertical timing line to be impo ed on all records 
imultaneou ly. 




n = acceleration, 
a = slope of lift curve, 
aa = l1bsolute l1ngle of aLLack, 
it follows LhaL 
thi equation being applicable below the stall. 
PoinLs on the CUI've of Figure 18 were taken frOll} 
all the maneuvers inve tigated except rolls and spin'. 
PRECISIO 
The preCl IOn of the results of these tests is not 
great. With the installation used, individual pres-
UTes are correct to within ± 6 to per cent, ail' peeds 
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within ± 3 to 4 per cent, and accelerations within 
± 0.2 g. Total load and moments, which depend 
upon the integration of curve faired through relatively 
few points obtained from pres ure measurements on 
a surface having a number of discontinuities, can be 
considered at best only fail' approximations. An 
estimation of the preci ion of the e loads and moments 
i somewhat hazllrdous, but it is probllble that indi-
RESULTS 
The re ults following are given in the form of IOlld 
curve, histories of maneuver, and fuselage charac-
teristic curves. The detailed distribution of pressure 
is not presented because, in view of the purpose of 
this investigation, viz, to determine the importance 
of fuselage air load in critical design conditions, uch 
a presentation is con idered unneCeSSlll'Y llnd of liLLIe 
)'- JG lJ RE 2.- ?Ilanometcr installation showing pressure tubes connected 
yiciual total loads are correct to within about 20 per 
cent. loment about the center of gravity for any 
onc in tant, being extremely sen itive to slight chllnges 
in fairing the load curves, aTe probably not reliable 
to the point of u eIulnes at all; but taken collectively, 
however) as in Figure 1 , a good idea of the tTend of 
the moment coefficient can be obtained as well as a 
fair idcll of its absolute value. 
intere t . Engine cowling pre sure ' are, however, given 
in tabular form for a number of onditions, since these 
pres me are at time of sufficient magnitude to be 
of interest with respect to cowling strength. 
Re ults are discussed in the following equence: 
(a) Steady flight condition 
(b) Pull-ups. 
(c) Rolls and spins. 
(d) Cowling pressures. 
6 HEPOH'l' NATIONAL ADVISOHY OMMI'l'TEE FOn AEHONAU'l'lCS 
Steady flight eonditions,- The teady flight con-
dition inve tigated include only tho e involving mo-
tion of tran lation without yaw. Thus, they are 
l'e tricted to level .flight and dives or steep glide. In 
these conditions of .flight, a would b expected, no 
appreciable tran verse aerodynamic force on the 
fu ela<Ye exi ted. The 1'e ult given, therefore, refer 
only to normal loads or tho e parallel to the Z axis of 
the airplane. 
Figure G how the di tribu tion of normal load along 
the iu elage in levd flight at air speed from 7 to 
166 m. p . h ., corrcsponding to angle of attack ran cy-
and if thi could have been included, the reduction 
of load at thi location would not haye appeared so 
pronounced. 
In Figure 7 arc given the normal load curves for 
t\\·o dive at 200 m. p. h., one with power on, and the 
other with power of!". No appreciable difl'erence can 
be noticed in the two curve except for a light increa e 
in the clown load or interference at the wing location 
for the power-on condition, probably a result of 
lightly higher velocity in the slipstream. 
Pull-ups.- Of a eries of abrupt pull-up from leyd 
night and eyeral mild pull-out from vertical dive, 
FI"t:Il>: 3.- Cowling prrssllrc Lube inst!lllation 
mg from about ° to - 2.2°. All the e CllITeS arc 
quite similar in character and arc oC inter st mainly 
because they how pronounc d interference efl'ect in 
the region of the upper win<Y, viz, from tation 5 to 
9 feet . The reduction in load at the radiator location, 
1 .25 feet , i also clearly indicated. Thi latiN de-
pre ion is partly it result of the fact that no PI' ssure 
mea urement co uld be taken on the radin,tor it elf, 
Illr ('lIn' r in thi s rC'gion d('pC'nciin g on 1)J'C'SSlIl'(' nlenSlln'-
ll1cnts tak ell only 011 tIl upper surface of the fu ' ell1gc. 
There i probahly OIlle upward force on the radiator, 
only a few representati\'e case arc pre cnted becau e 
of the general imilarity of all. Load eurve for Ut-
ce ive tage of the pull-out from a vertical dive arc 
given in Figure . The imilarity of the curves i at 
once apparent and al 0 thei l' imilarity to the curves 
obtained in level flight. There i , however, a eli tinct 
lendency for the load near the no e to increase with 
inneR ing angle of ntlaek or as the maneuver [Jro-
g I'CSS{,S. TIll' lii s lol'Y or Illi s 1l111J1C'U\' ('f' is [)ptler sholl 11 
in Figl1l'c O. A ' will he noticed from the acceleration 
record, thi. rlln s lart with the airplane \\'ell into the 
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din~, neal' zero lift; the p ull-out, howeyel', imme-
diately takinO' place. F rom these results and th e 
r esult obtained in prcviou pre ure di tribution Lc t 
on thi airplane, an idea of the extent to which th e 
fllselage load a fl'eeLs th e stres es in the fu selage and 
wing trueture can be obtflined . In th di ve it elf 
the Lotal normfllloacl on the airplan e i of little inter-
('st, . ince it i e en tially zero. A hea vy wing-diving-
moment exist, howeve r, \\-h ich HlU t be balanced by 
11 moment upplied by th e ta il ft nd the fll selftge. 
Tonnally this will be t he case, although i t i q uite 
po ible th at the wing and fuselage moments will add 
up in the ame ense and req uiJ'e a larger tail mom en t 
in consequence. From R eference i t is found th a t 
the ta il load is 916 pou nd acting down in a dive a t 
260 m. p. h. The corresponding tail momen t abou t 
the c. g. i, therefore, approxima tely 13,000 pound-
feet for thi speed. A uming the A.ttitud e of the ship 
ancl angle of attack to be ftp proximately the am for 
Lhe dive given here, this r esult hould be corrected 
Rccording to the ratio of the peed squ ared . On 
this ba i the tail momen t be('o l11 e 1 3,000 x G~~) 2 o j' 
7,100 pound-feet. T he total momen t ari ing from air 
loads on the fll elage fo r th i. ca e i 640 pound-feet 
or 9 pel' cent of the tail 1110111en t, \\'hie11 mean th a t 
the fu clage reduce the tail load nece Rry to balance 
the Ril'plane hy abo ut }~ pe l' cen t. If it is il. limed 
thAt the de ign ta il load for th e nose clive cond itio n 
is determined from It knowledge of the tru e wing 
moment, neglecting th e effect of the fu elage, the 
strllcture will be on ervati vely de igned throughou t . 
In pull-outs of thi character , tail loads n o['mu.lly 
decrea e from their or iginal high n egu. t ive valu e and 
become positive in ense, a indicated by the ClilTe 
(S + T ), t he po itive value II u u.lly being Ie t han 
those encou n tered in ce rLain other m aneuver , as, for 
instance, the barrel roll . H ence, the contribution of 
the fuselage loads toward the to ta l mom ent ac ting in 
sllch pull-outs arc of no p ractical impor tance and need 
noL be considered . I n aU pull-ou ts, howe\'er , the wing 
commence to acquire an a ppreciable norm al compon ent 
of force in the same direction u.s the normal componen t 
of force on the fuselage, and thi \\-ing load largely 
determines the design of the wing tructure. I t i een 
[ rom F igure 9 that throughout the pull-ou t, in which 
maximum lift was neyer reac hed, the proportion o[ the 
total load carried by the fu elage th roughou t the man-
em'er i slightly less tllfm 3 pel' cen t 0 that for a ny 
low angle of attack condition the f uselaO'e load n eed 
not be con idered in the wing de ign. 
Figures 10 and 11 how the load cu rve for two 
I'cp resen tati,' e abrupt p ull-up from level fligh t, one 
with power on and the other wi th power off. In the e 
mancuye l'S the anglc of attac k of mllx imum wing lift, 
\ \ /Hi I't'ftchctl and execeded ; t he 10f\.d CUl 'Yes for 
these higher angles. how that the in terferen ce h om the 
upper wing \\'a r educed or that i t was of ' malleI' 
magnitude wi th respect to other efre t , so that the 
fll selage load wa'3 posi tive throughout it length. 
Differ ences between power-on and po\\,er-off condition 
were found to be slight. 
H i t I'ie of everal pull-u p arc gi\'cn in Figu res 12 
to 17 . In the high u.ngle of attack 10adinO' condition, 
represented by the instan t of m axim um acceleration, 
the p ropor tion of the total normal load carried by the 
Iu elage varies from 3.75 to 4.5 per cen t, an amollnt 
which r educes the wing load in a malleUyet' in ,' olving 
a n acceleration of 6, 01' h alf the de ign load factor , b~r 
approximately one-qu ar ter oC fl, load factor. Put in 
another way, t his mean an increase in margin of '3afeLy 
of from 1 to a boll t 1.04 on the ba is of load, an increase 
hardly wor th allowillO' for in the wing de ign. 
A more accura te idea of the load the Ill . elage c!trl'ie, 
can be ob tained by r eferring to Figure 18. T hc normal 
force coeffi cien t of the fll '3elage is seen to vary linenll ,\' 
, 2 , · 2 , 
(aj 
~~: -5:~SUI' 
Outer meto l skin --' 
Radiator cowling 
FHoen..: I. - Diagram of orifice arrangement on engiTle nfl(l radiat or c()wlin~ 
with a ngle of a ttack , ]'eachinO' zero at - 4°. The equa-
tion o( thi line i found to be .v = 0.0 1613 (a + 4) . 
ince thc eN vel' us ex e lll'\'e for the wing cellule is 
al 0 approxima tely a traigh t line who e equation is 
eN = 0.0702 (ex + 5.5), the ratio of lhe fu elagc lOAd to 
the wing load i 
L f ('Nf ~ I f 
L ,. {IN,. f1,~ 
0.01 613 (ex + 4) X 40. 
= 0.0702 (ex + 5.5) ' 241.2' 
From thi , L fIL ,. ft t zero an O'le of a tacl'i 0.02 3 an d 
a t 20° i 0.0368. The value obtained from the above 
formula for the higher angles of attack ar e slighLly low 
since the wing lift Cll I' ve i not t l'aigh t 1I p to the stall , 
bu t tart to fall off everaldegree earlier. Hence, at 
the h igh anO'le'3 of attack the ratio of fuselage to wing 
load is clo er to 0.04. Thel'e i a pos i bili ty that be-
yond the tall eN for th e fuselage ontinu e to inc1'ell e 
fo r ft small range of angle of attack which wouldl'esuH 
in a m ore r apid inc rea e in load ratio. T here i ome 
indi ca tion tha t this is t ru e in the I'e ult s of F igures] 2 
Lo 17 , fo l' t he load ratio CUlTC how a tendency to l'i ' (' 
!tHel' th e pcak acceleration in some case, althollgh the 
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accuracy of the data does not warrant definite con-
clusions. In any case the phenomenon would have no 
practical significance from the structural standpoint. 
It is of interest to note that the loss in true wing 
area caused by the replacement of the middle of the 
lower wing with the fuselage is approximately com-
pensated for by the fuselage itself. The wing area 
displaced by the fuselage on the PW-9 is 12 square feet 
or almost 5 per cent of the totnl area. Thus the 
lift might be expected to be reduced by 5 per cent, but 
the loss is partly compensated for by the fuselage 
lift which ranges from about 3 to 4 per cent of the total. 
The common assumption in performance calculations, 
this suddenly applied load in the pull-up. In such 
cases it is of interest to know the relation of the 
fuselage load aft of the c. g. to the tail load, and in 
particular the relative magnitudes and directions of 
moments about the c. g. arising from fuselage and tail 
loads acting at the same instant. From an examina-
tion of the histories given in Figures 12 to 17 it is seen 
that early in each maneuver when the tail load i at a 
maximum negative value, the fuselage loads aft of the 
c. g. are very small and for practical purposes, zero. 
Moments, on the other hand, while small, are definite 
bu t always negative in sign, opposing the moments 
arising from the tail loads. The magnitudes of the e 
·~ IIIOI ! ! i I ! r 2 I 
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Section 0 
F IGURE 5.- Line diagram of fuselage showing orifice locations 
that the wing area displaced by the fuselage has not 
in effect been lost, is, therefore, fairly sound. For the 
sake of consistency this assumption might also be 
carried to the structural load problems, but would 
probably be unwise because it would remove a slightly 
conservative factor in the design. 
Abrupt pull-ups such us these under discussion, in 
addition to giving rise to large wing loads at high angles 
of attack, also involve a suddenly applied tail load 
which may be critical for some members of the fuselage 
in some designs, usually for the lower longerons aft of 
the lower wing rear spar attachment and for some of 
I,he diagonal truss members in designs where Lhe tail 
load in the terminal dive is of less mngnitude than 
loads and moments are not sufficient to be of concern 
wit.h respect t.o stresses in the fuselage, but in so far" as 
they do exist, are of such a character as to reduce 
slightly the moments and shears arising from the tail 
load. 
In the later stnges of the pull-up, when the tail load 
has reached a maximum positive value, the relative 
fuselage loads become of greater apparent importance. 
It ha been pointed out in reference 8 that the maxi-
mum up loads on the tail in abrupL pull-ups are only 
of the order of half the maximum down loads on thi 
airplane. Since the 3-point landing condition gener-
ally induces greater fuselage stresses than the rela-
tively low positive tail load considered alone, this 
PRESSURE DISTRIBUTION OVER FUSELAGE OF A PW- 9 PURSUIT AIRPLAI E I FLIGHT 9 
latter case i not u ually con idered except in cases 
where a tail skid i not required, a on a single or twin 
float eaplane. The resul ts of this inve tigation 
(fig. 12 to 17) show, however, that the up tail load~ 
may be Itccompltnied by fll elage loads of such charac-
ter that the total aerodynamic loads and moments 
are con iderably greater than tho e of the tail alone. 
From the results of Figure 38, reference ,and Figure 14 
of this report, both being time histories of abrupt puIl-
ups at about 155 m. p . h ., an idea of the magnitudes 
of the e fuselage loads and moment can be obtained. 




















































while the moment i greater for the case of maximum 
negative tail load. A dis us ion of the importance of 
aerodynamic force on the tail and fu elage is not 
complete without a proper con ideration of the inertia 
force acting at the same time. In the condition of 
maximum negative tail load there exists a po itive 
angular acceleration in pitch which tend to reduce 
or in some case pos ibly to nullify the effect of 
gravity on ma se in the after end of the fu elage. 
Hence, to a wne the maximum tail load a acting 
when all ma es aft of the lower rear wmg par, 
I,a 78 m.p. h . 
I 
---
r-- I,b 9 7 m.p .h. 
r----. r-- I,e 114 m.p.h. 
-...... 
"--
2,0 133 m.p.h. 
.................... 
t---
2,b 149 m.p.h. 
;-....". 
........... 2,e 166 m.p.h. 
~ 
-500 2 4 6 8 10 12 14 16 18 20 
Feef along fuse/age 
FIGU RE 6.-Fuselage n orma l load Curves. Level Oight runs. Run ro. 4 
CO DITIOr OF MAXIMUM NEGATIVE TAIL LOAD 
Shear 1 yloment 1 
(at (about 
c. g.) c. g.) 
Pounds P ound-feet 
TaiL_______________ ___ - 6 0 + 10, 000 
F uselage__________ _____ +50 -280 
---1----1 
T otaL_ _______________ -630 +9,720 
CONDITION OF MAXIMUM POSITIVE TAIL LOAD 
Shear 1 M omen t 1 
(at (about 
c. g.) c. g.) 
Pounds P ound·reet T aiL_____ ___________ +330 -4, 000 
Fuselage________________ +390 - 2, 000 
'1'otaL ___________ ---- + i20 I - 6, 000 
1 Fuselage shears a nd moments refer to those aris ing from loads aft the c. g. 
It is seen from the above that the total shear 1 
greater for the condition of maximum positive tail load 
36277-31- -2 
are acted upon normally by gravity i conservative. 
In the condition of maximum up tail load on the 
PW-9 there till exist a po itive angular acceleration 
in pitch. Thi is easily explained by the existence of 
a large wing force vector whose line of action i 
forward of that for the resultant mass force. In 
addition to thi angular acceleration, there i also a 
linenr acceleration acting in a diJ:ection which i , for 
all practical purposes, parallel to the Z axis and of a 
magnitUde equal to or quite close (in terms of "g" ) 
to the applied high angle of attack load factor. Thi 
linear acceleration is of much greater con equence 
tnan the angular acceleration, so that the Det result, 
so far as the tres e in the after portion of the fu e-
lage a.re concerned, i an inertia force oppo ing the 
aerodynamic up load on the tail and fuselage. This 
inertia force i , in fact, 0 large th.at in most ca e , 
except where very light fu elage and tail a emblies 
are used, it is greater than the aerodynamic up load 
o that this latter condition is by no means to be 
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con idered a true criterion for the de ign of the fuse-
lage stl'uc ture. 
Rolls and spins.- Lo ad curve and histories of right 
and left balTel roll and spin are given in F igures 
19 to 26. In so far as normal loads in the rolls are 
concerned, conditions are quite similar in character 
to tho e in the abrupt pull-ups and a similar discussion 
applies. In the rolls, howevel', transverse loads as 
well a normal loads are experienced. An extended 
analysis of the effects of these loads is not considered 
worth while mainly because of the lack of quantitative 
information on thD inDI'tia lo ad and vertical tail 
surface load acting simultaneously with them. A 
rough quantitative analysis of the lateral force and 
moments on the basi of fu elage lo ads obtained 
ouring this ilwestigation and tail surfac e lmcl in('rtia 
'\ 
CO CLUSIONS 
1. The proportion of the total normal load carried 
by the fuselage of the PW- 9 ranges from 1iO'htly les 
than 3 pel' cent in the low angle of attack design COll -
dition to about 4 per ent in the 11iO'h angle of a ttae k 
condition which approximately compen ate for the 
loss of lift of the portion of th~ winO' area replaced by 
the fuselage. 
2. Aerodynamic loads on the fuselage are, in general, 
unimportant from the structural viewpoint, and in 
most cases they are of such character that, if neglected, 
fI. con ervative design results. 
3. In spins, aerodynamic forces on the fuselage pro-
duce diving moments of appreciable magnitude and 
yawing moment of malleI' magnitude opposing the 
1'oLaLion of the ai rplan e. 
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~ § \ 1/ \ r i'-.. / \ / ~ Power off, 200mp.h. t--. 
\./ 1\ / r-.. _I..----~ 0 
:--V 
2 4 6 B /0 /2 14 /6 /8 20 
Feef along fuse/oge 
FIGURE 7.-Fuselage normal 10 d cun-es. Dh-es 
loads obtained in the tests of reference 8 and others 
shows that none of these for es and moments are of 
sufficient magnitude to be of concern with respect to 
the fuselage design except the initial, suddenly applied 
vertical tail load, which may be considered, for prac-
tical purposes, to act alone. 
In the spins no loads of any magnitude sufficient to 
be of concern in the structural de~ign are evident. 
It is interesting to note, however, in the histories of 
the spins that an appreciable diving moment i prcsenL 
a a result of ail' loads on the fu elage and that lateral 
loads, although amall in magnitude, are, in the main , 
of such a character as to oppo e the rotation of the 
airplane. 
Cowling pressures.- Engine cowling pres ures fo!' 
t he maneuvers given previously are tabulated in Table 
II. Since skin pressm es are higher n car th e no e 
than elsewhere, this information is of intercst \\ itll 
re pect to the design of the engine cowlino panels and 
their attachments. In interpreting this table, positive 
pre sures are to be considered a ·ting inwardly and 
negative pressmes outwardly. 
I 
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F,GURE 21.-llistory of right bnrrel roll. HUll No.3, In 
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24 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
TABLE I 
CHARACTERISTICS OF PW- 9 AIRPLANE 
Span of upper wlog ___ _______ __ ______ ______ __________________ 32 ft. 0 in. 
Span of lower wing __ _________________ ___ _______ ___ ___ ______ 22 ft. 5~4 in. 
Fuselage length ______ __________ ___ ______ _____ _____________ __ 20 ft . 5 in. 
Plan area of fn elage ______ _________________________ ___ _____ _ 40. sq. ft. 
Projected side area of fu selage _____ __________________________ 60.4 sq. ft. 
Centroid of plan and side area of fuselage. Per ceIlL of 
fu selage length __________ _______ ___ ___________ _______ _____ 42. 
Gap ________________________________________________________ 52 in . 
Stagger , _________ _______________ ____ ____________ ______ ______ +2° 22'. 
Dihedral (upper wing lower surface) _______ __ ________ _______ 1° 6'. 
Dihedral (lower wing lower surface) __ __ ___________ ___ _______ [°23'. 
c. g. po iLion: 
(Aft leadiog edge of root section, lower wing) ___________ 18)4 in. 
(Above lower surface root section, lower wiog) __________ 23H in. 
Distance from c. g. to center line of elevator binge __________ 14 ft. 11 % in. 
Distance from c. g. to center line of rudder binge _____ ______ _ 15 ft. 3% in. 
Area of upper wing _________________________________________ 160.4 sQ. ft. 
Area of lower wing _______________________________ ___________ 0.8 SQ. ft. 
'rota! wing area __________________________________________ ___ 241.2 sq. ft . 
Area of borizontal tail surfaces ______________________________ 29.84 sq. ft. 
Area of vertical tail surfaces ___________________________ ___ ___ 13.75 sQ. ft. 
'Veigbt of airplane during tests __ _____ ___________ _______ ____ 2,900 lbs. 
Rated horsepower at 2,000 r. p. m ___________________________ 375. 
Power loading __________________ _____________ ____ _____ ____ __ 7.74 lb. per bp. 
Wing loading _______________________________________________ 121b. per sQ. ft. 
, Stagger measured at a section parallel to tbe plane of symmetry, and passing 
t.hrougb tbe centroid of tbe plan form of one lower wing between a l ine perpendicular 
to tbe chord of tbe upper wing and a line drawn from a point one-tbird chord length 
from tbe leading edge of the lower wing to a point Similarly located on tbe upper 
wing. 
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" 8 26.6 S 






















" 8 26.6 S 














(Lbs. per SQ. ft.) 
Maneuver: Rigbt roll Initial air speed 140 m. p. h. 
0.12 sec. 0.37 sec. 
B C 0 A B C 0 
------ --- ------------
-lg:~ -5.7 0 -51.0 -24.0 -18.2 -11.4 
-9. 4 0 -53.5 -21.8 
-.2U -12.5 
-7. 3 0 -2.6 -62.4 -20. 3 -5.2 
-8.8 0 -3.1 -65. 5 -21.4 -10.4 -10. 4 
-IO.~ -6.2 -8.3 -16.7 -15.6 -13.0 -I .2 
-6.2 -10.4 -10.4 -9.9 -15.6 -17.7 -19.3 
19.2 4.2 7.3 -6.8 40.0 -3.1 -12.0 
-10.4 12.0 9.9 30. 2 -36. 4 14.5 8. 8 
-12.5 6. 2 11.4 - 32.8 -l~:~ 2. 6 4.2 -13.5 13.0 21. 8 9.9 14 . 0 17.7 
-1.5 27.0 18.7 12.0 1.0 33. 2 18.8 




3.1 16. 7 
--------
5.2 0 




-5.7 -1 .2 
0.62 sec. O. 7 sec. 




-3S.5 -32 . ~ -19.8 -61.3 
-:'::29:2- -2 .6 -22.4 
-31. 2 -20. 8 -30. 2 -54.0 
-:'::i2:ii--
-32.2 - 31. 2 -10.9 -62.4 -26.0 -24.4 
-27.0 -16.7 -20. 8 -4S.9 -27.6 - 10.4 -ZO.8 
-20.8 -17.7 -19.3 -21.8 - 15.6 -8. 3 -15.6 
-20.S -19. ~ -24.0 -21.4 -~gJ -IS. 2 -20. 3 60.3 -9.9 -21.4 -41.0 - 13.0 -16.7 
-66. 0 I .2 -7.3 22.4 -95.6 I .2 - I 
9. 9 -17.2 -13.0 -42.1 20.3 -24.4 -22. 4 
-15.0 17. 7 12.5 19.8 - 10.4 13.5 0 












_.-._--- 2.6 -5.7 
---- ----
-1.0 -21.8 
-------- ----- - --
3.1 -9. 3 
TABLE II- Continued 
COWLI G PRE SURE-Continued 
(Lbs. per sq. ft.) 
1.12 sec. 1.37 sec. 
Section 
I_-,---_I __ A_ BCD _ A _ __ B_I_c_I_D_ 
Section 






7 -28. 6 
8 30.2 
9 -30. 7 
]0 3.6 
11 9.3 
















































































































5 17. 7 
6 8. 8 
~ ~~ : Z 











































































































Run No.3, 2a Maneuver: Left roll Initial air speed 140 m. p. h. 
o sec. 0.25 sec. 
Section 
A B c o A B c o 
1----,--1--- ------------------
ection 


































































































































6 13. 0 
7 26. 0 
8 3 . 0 
9 -17.0 
~Ol -1 . 0 







































































































































































PRESSURE DISTRIBU'l'ION OVER FUSELAGE OF A PW-9 PURSUl'l' AIRPLANE IN FLIGHT 25 
TABLE II-Continued 
COWLING PRESSURES-Continued 
(Lbs. per sq. ft.) 
1.00 sec. 1.25 sec. 
A 
1 
8 C D A 8 C D 
--- --- - ------
---1---
-48.0 -34.0 -33.0 -27. 5 -3 . 0 -3l. 0 -30.0 -22.5 
-44.0 -30.0 -28.0 -22.0 -36.0 -28.0 -25.0 -21.5 
-58.0 -26.0 -25.0 -11.0 -45.0 -21.0 -19.0 -12.6 
-66.0 -58.0 -27.0 -13.0 -56. 0 -19.0 -27.5 -14.0 
33.0 6.0 -7.0 -23.0 IG.O 0 -9. 0 -20. G 
14. 0 7.0 -10.0 -18.5 1.0 0 -11.5 -19.0 
20.0 - 2.5 3.5 -5.0 12. 0 21. 2 -3.0 -9.5 
40.0 14. 0 31. 5 7.5 3.'.0 -18.5 22.5 -2.0 
- .5 -00.0 7.6 12.0 -16. 0 - 40.5 -1.5 2.5 
- 4l.0 -34.5 18.0 14.0 -23.0 -26.5 16.0 7.0 
-21.0 -22.5 26.0 7.0 -!G. 0 - 4.5 23.5 6.0 







-18.0 -32.2 ----_.-- -------- -9.0 -21.0 
-------- - --.----
-16.5 -20.0 ::::::::1:::::::: -9.0 -17.5 
--- ------- --- - --
-15.5 -19.5 -6.3 -16 0 
1.50 sec. I 2.00 sec. 
---- --






-37.0 -28.0 -29.0 -21.5 -35.0 -32.4 --- - ---- - --------
-38.0 -25.5 -25.0 -16.0 -35.0 -27.3 -------- -13.5 
-39.0 -18.0 -17.5 -13.5 -30. 0 -13.5 -16.0 -11.5 
-36.0 -26.7 -16.5 -13.5 -26.0 -16.0 -9.5 -10.5 
-6.0 -3.8 -9.0 -16.0 -14. 0 -6.5 -8.0 -] 1. 5 
-10.0 -8.0 -12.0 -18. 5 -17.0 -10.5 -11.0 -15.5 
-7.0 29.0 -6.5 -12.5 -14.0 32.0 -7.0 - 14.0 
28.0 -39.5 17.0 -2. 5 20.0 -47.0 9. 0 -2.0 
-32.0 -3.0 -6.0 -1.0 -33. 0 0.5 -7.0 -4. 0 
3.0 - 18.5 12.0 9.0 10.0 -12.5 7.0 4.0 
2. 0 1.0 19.0 8. 0 0.0 4.2 12.5 9.0 
18.5 6.5 4.0 3.5 19.8 10.5 4. 5 3.0 
- --------.------
-1.5 2. 0 1 __ ______ ---- --- - 1.0 4. 0 
-------- --------
-1.0 15.0 ________ 3.5 -7.2 
-------- ------- -
-2.5 -15.0 ____ ___ _ -1.5 - 9.0 
----- --- 1-------- -1.0 -14.0 ________ 2.0 -11.8 
Ianeuver: Level flight 
Run No.4, II' Run No.4, Ib 
Initial air speed 78 m. p. h. Initial ai r speed 96.3 m. p . h. 
A 8 C D A 8 C D 
------------
- ~I 
-14. 5 -6.0 -5.0 -1.0 - 14. 5 -3.0 -1.0 
-13.7 -5.2 -2.5 .5 -13.7 -5.2 -1.7 .5 
- 5.8 -2.8 -1.4 .7 -5.8 -2.8 -1.4 .8 
-13.0 -5.3 -1.3 -2.0 -IG.2 -6.0 0 -2.4 
-1.5 -2.3 -2. 5 -4.0 -7.0 -5.5 -2.5 -4.0 
-1.2 -1.0 0 -5.0 -1.0 
-2.3 1 -2.8 -5.0 
.0 5. 0 2.3 . 5 4.0 7.5 2.3 2.7 
13.0 1.0 .8 5.5 13.0 -3.5 0 5.0 
-10.0 -12.0 4.0 4.5 -12.0 -7.8 4.0 5.6 
-.i - . 7 6. 6 9.3 4. 0 -6.6 7.3 11. 2 
1.5 -2.5 8. 0 5.0 4. 5 -.9 10.5 7. 0 
4.0 -1. 5 1.9 1.0 10.0 -1.0 2.6 4.0 
--- ----- ----_.--
-:g 3.5 ----- - -- -------- 1.3 6. G 
--- - ---- ------ --
-5.2 
-------- - - ------
2.0 - 1.0 
-- ------ - -------
-3.1 -7. 5 




--- -- --- --------
-1.5 -4.5 
Run No . 4, Ie Run No . 4, 2a 
Initial a ir spced 11 3.8 Ill. p. h. Initial air s peed 132.7. Ill. p. h. 




- 4.3 0 0 -17.0 .6 5.0 .5 





1.0 .7 -5.0 2.0 4.0 1.2 
-14.0 -3 5 3. 3 -.4 -16.2 1.4 6.5 1.1 
-2. 0 - 1.6 -.8 -1.5 -7.S -5.0 -.8 -2. 5 
7. 0 1.6 -.3 -2.5 -U. 5 .5 -1.8 - 1. 5 
n.o I 3: g 1 5. :; 7.5 13.0 5.0 
7. [) 12.0 
13.0 1.2 3.3 22.8 1.0 2.5 3.3 
-11.2 -13.0 3.0 5.0 -21.0 -U.5 4.0 II. 0 
4.0 -II. 0 9.0 13.6 9.7 -10.5 10.8 16. 8 
~. 3 -5.6 ]1. 5 R.5 7.5 -2.2 14.0 12.5 
-.6 -3.0 1. (j 5. 0 2.8 0 4. 0 8,5 
. i ~.O 
----- --- ------ --
2.0 10. G 
2.0 2.5 5.6 7.8 
-3.G -5.0 
-------I .5 -1.0 
--------1------- -2.5 -5.0 ------- - 2.5 -4.5 
1 
I 


















(Lbs. per sq. ft.) 
Run No.4, 2b Run No.4, 2c 
Initial ai r s peed 148.G m . p. h. Initial air speed 165.5 m. p. h. 
A 8 C D A 8 C D 
-------- ---
--3.0 1- 14.5 
- 10.0 0 9.5 1. G -19. ~ 2. 8 
- 15.5 -.3 1. 5 '3.0 -14.1i 3.0 2.5 3.0 
-7.0 3.0 5.0 .7 -8.0 4.5 6.0 -2.0 
-21.2 1.4 8.3 .7 -24.3 2.5 0.0 .7 
-14.3 -6. 0 -.8 -2. 8 -22.0 - . 5 - . 4 -1.5 
11.0 0 -1.0 -2. 0 13.6 -2. 8 -2. 2 -1.0 
13.5 8. 0 8.2 lJ.5 IKO 12.0 9.G 14.0 
26.0 -.5 3.3 4.3 33.0 -3. 4 4.0 4.6 
-24.5 - 1I.5 4.0 14.0 -28.3 -1 1.0 6.7 n.5 
J5.2 - 10.5 13.0 21. 0 21. 2 -9.4 to. 0 27.2 
13.2 -2. 2 20.0 18.2 11.5 1.0 30.4 22.5 
4. 5 1.0 4.4 10.5 4.5 2.5 5.0 J3.6 
-------- --------




8. 2 9.6 
-------- - ----+-- 11. 0 IS. 5 
-------- --------
2.8 0 --- ----- -- ---+- - 6.0 1.0 
-- --- .-- --------
-2.5 -5. 5 
-------- ----- - --
-3.0 -3.6 
l\(ancuvcr: Power-on dive 
Run No.6, In 
J\Ianeuver : Power-o fT dive 
Run No.6, Ib 
Air specd 200 m. p. h. Air speed 200 m. p. h . 
Section 1~1~_c ~ A 8 C D 




2 -25.0 .5 1. 5 -3. -21.0 1.2 -.5 - '1.5 
3 -9.0 6.6 5.5 -G.5 -6.0 7.8 
In 
-4. 7 
4 -31.0 2.0 11.0 -2.5 -2 .5 4.8 -.i 
5 -25.5 -9.5 -5. 5 -1.9 -18.0 -9.0 -3.5 -1.5 
6 IG.5 -5.5 -6. 2 -2.5 15. 0 -G.5 - 7.5 -2.5 
<> 7 28.5 17.7 10.5 21.0 27.0 20.5 10.5 21.0 
" 8 45.0 -5.5 .5 -1.2 46.5 -10.0 0 0 S 9 -44. 0 -15.5 4.0 17.5 -40.0 -18.7 4.5 19.2 0 10 25. 5 -..:~:~ 43.0 40.0 23.0 -22.8 34.0 40.0 11 15. 0 51.0 29.5 II. 5 -6.5 00.0 27.0 
12 -14.5 -6.0 0 13.0 -37.5 -12. 5 -1.7 10.5 
13 .-- ------------- 1. 2 9.0 -------- -------- -.G 5.0 
14 I 7 . ~ 25.0 -------- -------- 9.0 28.0 ----------------
15 
------ ----------
3.0 :::::::r:::::::::::::: 1.3 5.0 16 
------------ --- -
-5.5 -6.5 -fi.3 
Maneuver : Mild pull-out of a d ivc from zero lift 
Run Xo. i, In .\ir speed at beginning of pull·out 192 m . p. h. 





-42.5 - 5.0 9.0 -1.5 - 69.0 -16.9 -5.9 0 
2 -38.5 -4. 5 -1.5 .5 -fl'l.5 -17.8 -9.3 3.5 
3 -10.0 -.5 3.7 -2.0 -16.0 -12.3 - . 8 3.7 
4 -41.0 -2.0 9.3 -.9 -69.5 -13.2 -2.0 1.0 
5 -22.0 -13.2 -8.7 -7.4 -2.0 
I 
-16.0 - 12.6 -J3.5 
fi 13. 0 -7.8 -10. 0 -6.5 15. 0 -13. 0 -1:;.2 -14.0 
2l 7 23.0 J~j 5.7 17.5 21. 5 1 38.2 7.6 14.5 
'" 
8 43.0 .3 7.0 52.  -25.5 1.0 17.5 
;g 9 -42.5 -17. 5 .4 23.5 -46.4 -24.0 15.0 21.5 10 23.4 -20. 2 37.5 3 .4 I .6 -28. 7 45.0 40.2 
II 11.8 -5. 7 ---- ---- 29.0 15.0 -9.6 -------- 30.0 
12 -22.0 - .5 1.4 11.0 -9.0 -11.4 7.0 15.6 
13 
- - - - ---- --------
1.0 6.6 -------- -------- 2. 2 20.5 
14 
-------- ------ - -
9. 1 20.5 
--------1-------- fj,] 9. 
15 --- _._- - ----- - -- .8 -2.0 --------------_ . -5.5 -16.6 
16 
- -- ----- --------
-5.4 - 5.5 
--------1- ---- --- - 13.0 -15.6 
1.15 scc. 1.65 sec. 
Section A 8 C 0 A 8 c +'1 ------ -- --I -83. 5 -22. 5 -11.5 0 -87.5 -23.8 -14.3 
2 -so. 0 -22.0 -9.9 4.5 -82.5 -22.5 -11.0 4.5 
3 - 18.0 -17.7 -4. 0 G.O -18.0 -16.5 -5.4 6.0 
4 -77.5 -li.5 - . 5 1.0 -i6.0 -li.O -6.0 2.0 
5 6.5 -17.0 -14.1 -14.5 9.3 -15.4 - 12. I - 1.1. 0 
r, 1 '. 0 -11. 5 -1 5.9 -16.4 20.0 -9.5 - I !.Ii - 16.0 
" 
7 21. 5 3i.2 7.6 12.5 25.0 3~. 0 9.0 13. 0 
" g 57.3 -23. 2 1. 6 ~gJ 57.3 -18.4 2.6 19.8 ~
-46.4 -31.5 17.0 -4G.4 -35.5 17.0 21. 5 0 JO 14 . 4 -33. 5 55. 0 39. 0 12.2 -36.5 53.0 39.5 
II 10. a -J2.7 -------- 30.0 n.o -!fi.1I ------ -- ~!J.O 
11 - JU.5 - \01.4 8.0 14.2 -1~ . O - 15. f. . U 14.2 
j:S 
-------- --------




-----+-- 2.0 .8 ------- - -------- . 6 -2. 5 
15 ::::::::1 -9.1 -22.5 .------- -------- -10.4 -22.0 J() -17.3 -19. G -------- ------ --I -19.5 -20.2 I 




TABLE] I-Contin lied 
COWLING PRESSURE -Contin\led 
(Lbs. per sq. f t.) 
2. 15 sec. 
A 8 
I - f>.0 1 -22.5 
2 -82. 5 -22.5 
3 -1i.0 -17.0 
~ -7:1.0 -I,;. II 
,. II. -I I. 4 
o 21.4 -7." 
- 2~.O 1f):3 ~ 5".2 - Ii. 4 
9 -13.3 -:Ii. U 
10 11.0 -37. Ii 
II 7.X -HI . .1 
12 -2;,0 -IfI.O 
1:1 

















3. 15 sec. 













































~ :r. :~ _1 
c 














,-. __ .... -
- 11.0 
1 - 17.3 
3,fi,i S('C', 































- .,- .------. 








































- 19. 1 _____ __ _ 








































































































2 . • 1 




A B 1 c 
1 -42.0 ~'-25.5 
2 -46.5 -20.5 _______ _ 
3 -58.0 -25.6 - 19.0 
~ -56.0 -24.0 -17.0 
5 -6.0 -8.0 -.0 
6 -5.0 -10.0 - 12. 5 
7 -5. ,; 32.0 -3.0 
S 33.5 -27.5 -2.5 
9 -30.0 -20.0 0 
10 -3.5 -21.0 20.0 
II 0 -5.0 32.0 
12 22. 0 . 5 2. 2 
: ~ .------ I =U 


































- 16.0 -1i.0 
-10.0 20.0 
- 17.0 -25.0 
-3.0 -1.1.0 




-4. 0 4.0 
-5. 0 6.0 
-8.0 -20. 0 
-10.0 1 - 26. 0 
-12.0 -22.0 
I 1.50 sec. 
-:------;--1 
D A B c D 
- 19. 5 -38.5 - L9.0 -23.0 - 17.0 
-17.5 -40. 6 - 15.5 
- lO.5 
-4.0 -44.2 - 16. i 
-9.0 -3.0 
- 15.8 -46.0 - 15. 5 - 11.5 -7. 
- li.5 -5.0 -8.0 -6.5 . - 12.5 
-19.0 -.0 -i.O 
-10.0 - 16.0 
- 11. 5 1 1. 5 [ 25.0 
5. 5 23.0 -21.0 
;j.6 1- 24.~ -I~.~ 
15.7 1.0 - 10.0 
15.9 4.0 -2.0 
-.5 -.0 
-I. 5 7.0 
2.0 5.0 
15. 0 14.0 
27.5 13. 0 
~: ~ , -- - :~~~+---- .- -
- 18.0 __ _ _ 
3.4 6.0 
o . 5 
-2.5 -13.0 
- 19.5 -/l.5 -16.5 
- 1 .5 -5.0 - II. 5 
15 L - Io. n 
--------
TABLE IT- CoLltil1ued 
COWLING PRE SURE -ColLtilLued 
( Lbs. per sq. fL.) 





I -19.0 -2.0 
2 -17.0 -2.0 
3 -15.0 0 
4 -26.0 -3.0 
" -16.0 -9.0 
G 11.0 -3.0 
7 14. 0 10.0 
~ 27.0 - I. 0 
91 280 -14.0 10 -11:0 -14.0 
II 10.0 - 1.0 
12 0 - 1.0 13 _____ _ 
14 15 ______________ _ 




























8 41. 0 
9 -30.0 





































_A_I~ I e 









-~ 6. 5 -16. ___ _ 
-14.2 - 13.S -1.0 
-1.0 -51.0 -11.0 -2.7 -2.f> 
-!i. 0 -1 1.0 -9.0 -5.0 -9.0 


















33.5 -7.0 .5 
-30.0 -2 1. 0 7.0 
n,5 -18.0 21.0 
8.0 -S.O 38.0 
3.0 -2.;.0 4.0 
.f> 
2.0 
-4.0 -23 . .1 
-6.0 ________ ________ -8.0 
-14. " 
1.32 sec. 
D A B 
-25.0 -46.2 -23.0 
-4.0 -SI. 0 -20.5 
-4.0 -62.3 -2.5.0 
-21. 0 -59.0 -26.0 
-24.0 -4.0 -7.0 
-29.0 -6. 0 -10.0 
- 14.0 .5 31.0 
9.0 33.5 -26.5 
7.0 -30.5 -21. 0 
23.0 -3.0 -23.0 
19.0 1.0 -6 . .1 
4.0 2'J.O -I. 0 
i.O 1 ________ --------
-33.0 _______________ _ 
-28.0 _______________ _ 
-24.0 _________ ______ _ 
c D 
-29. 0 -21. 4 
_ -~ ___ I - 11.0 
-14.0 -3.,) 
-15.0 -1.4 






25.0 Ii. 2 
2.2 7.4 
-2.0 . ,; 
-4.0 -20. 5 
-9.0 -21.0 
-7.0 -21.0 
Run No.9, l a l\hlO81l\"er: Pull-up, power on Initial air speed 156 m . p. h. 
Osee. 
Seeti0 n 
A I B C D 
I -25.5 1~~ -=-2.3 
2 -12.5.5 -2.7 
3 - 18.0 3.0 4.5 -.8 
4 -26.5 1.2 . 3 -,5 
.1 -14.5 -6.0 -I.~ -1.:\ 
6 18.0 -1.6 -2.2 -.5 
~ rn ~:~ 10:~ ~:g 
9 -35.2 -16.4 3.5 16.:1 
10 1.0 -13.0 37.5 27. 8 
II 12.2 -5.3 36.7 20.3 
12 -4.9 -5.0 3.0 12.9 13 ________ ________ I. 6 II. 4 
L4 ___ ___________ ~_ 6.0 13.5 
I.; ________ ________ 2. i -2.0 
16 ________ ________ -.0 -i.6 
0.25 sec. 
A l B C D 
-=:1 -s.s -~~ 
=~g:~ =~:j ----0- --1 d 
-36.0 -6.5 2.8 - . .1 
-~o -~2 -~ I -~a 
l i.O -2.5 -5.0 5 .. ,
22. 0 12. 5 9. 5 9. 0 
37.5 I. 5 3.0 9.0 
-36.3 -24.2 .2 1.7 
11.8 -21. 7 37.5 28.6 
. 5 -10. 5 40.7 20.3 
-4.3 -i.4 5. 4 11.2 
_____ ________ 3. 3 16.4 
_____ _ ______ ~_ 3.3 3.5 
________ ________ -13.0 -12.5 -------- ________ 1 -2.5 1 - 12. s 
~==~~~--~~~~-~==~~===--~--
0.50 sec. 0.75 sec. 
'ection 
A B C D A B C 
I-~ -77. 5 -2i. 3 I -26. 5 ~I - 3. 5 _____ -34.5 





-i6.4 -20.5 -12.5 2.4 - 100.0 ______________ _ 
-i8.3 -25.0 -.0 -i.3 -97.0 ______ _ ______ _ 
10.0 -9.0 -15.5 -18.4 5.0 -12.0 -17.5 
11.0 -7.5 -13.0 20.5 .9 - L4 .5 -1.0 
i 16.4 24.3 4.2 5.4 5.5 35.5 -2.3 
8 43.5 -13.0 3.4 18. 7 45. 5 -29.0 -3.0 
9 -31.0 -40.5 II. ~ 16. (j -33.0 -47.2 5.4 
10 -3.8 -35.5 27.5 29.5 -16.0 -39.5 20.0 
II -I. 1 -17.0 51.5 20.3 -6.4 -1. 
12 4.5 -12.0 3.0 6.5 16.9 -.2 -3. 5 
13 __ ___ __ __ _ __ -2. 5 15.0 1________ _______ -7.5 
II -5. 0 -23.0 - 10.0 



















PRESSURE DI 'rRIB 'l'l0' OVER F SELAGE OF A. PW-!) P R UIT AIRPLANE IX FLI GH'l' 27 
TABLE II Continucd TABLE [I-Continucd 
COWLING PREI3 UHEI3-Continllcd Co\YLIXG PRE 'SURE '-ConLinuccl 
(J,bs. pcr sq. ft.) (Lbs. per sq. fl.) 




3 -90. Ii 



































































































































































15 .• 1 
1.1.0 
7.0 
9 . .1 























-10 .• 1 










-12 .. ) 
-.7 
.2 








































































37 . .i 






























·1 -:i~2-: :"'12 .. , -IS. I 
-8 .. J -19.0 -2.1. I 
7 - 4. 0 46 . .1 -6. I 
8 31.5 -4.1.:; -4.0 
11 -11.05 -:18.0 .1. Ii 
10 -7.2 -3.\. Ii 10 .. 1 
II - .1.0 -IU.O 
12 2:3.0 -.1.4 0 
I:! _ -Ii. 4 
II -9.;; 
1.1 _ ,- 13.6 1 16 __ -1.8 
1.00 se('. 



















- I -69.0 1-
2 -f>8.0 






















-12 .. J -22.7 
-1.0 25.3 
-2.9 -12.4 
-2.5 II. 0 
1. 4 8.3 




-2: 7 =~~: ~ 












































































































-12. Ii -17.0 
-21. 0 -39. 0 
-16.6 4.5 
15.5 -a.s 
-10.0 I -6.5 
I. 5 21. 0 
1.0 - 18. 5 
12.0 -.1. 5 
U.5 -2.5 
I. 5 7.5 
2.0 































10 . .1 






Hun ;-;0.9, 2h .\lancu\'cr: Pull·up. power off Initial air :,peed 162 Ill. p. h. 





































.1f; .• ) 21.!i 
:1. ~ 7.8 
-4.412.0 
-6.5 -'Ii .• 1 




























































A B C 
I -44.0 -7.0' -5.0 
2 -36.0 -10.0 ____ _ 
3 -37.0 -2.0 0 
4 -31.0 -6.5 -1.0 
5 -7.0 -10.5 -5.0 




8 35.0 -12.0 1.5 
9 -31. 0 -16.0 9.0 
10 9.0 -21. 5 22.5 
II 4.5 -10.0 38. 0 
12 -20.0 -10.0 4.0 
13 .3 
14 5.5 Iii __ _ _ _ ____ ____ -I. 5 




























-31i.'; I. 5 
-al.fJ -1..1 
-31.0 21.0 





































:!~. () I 
0.40 >ce. 
A B C D 
-72.0 -23.0 -28.5 -17.0 
=~: ~ =~n -~20~ii -












3.0 31.4 0 
39.5 -25.8 .2 
-32.5 -27. 8 8.0 
=u =n~ ~:g 
-3.0 -11.0 3.5 
_____________ -1.2 
________ ________ -3.0 
-IU.3 
________________ -12.0 






































2.0 I 4.1 16. S II. 0 
31. 0 13.0 
=U I- It~ 
x'720.() 
H. [, I ~U, :t 
2 REPORT NA'l'IONAL ADVISORY COMMl'lvI'EE FOR AERONAUTICS 
TABLE II- Continued 
COIVLING PRE BURES-Continued 
(Lbs. per sq. ft .) 
Run :-.ro. 12, 2a ~IaDeu \'or: Left spin 
o sec. 0.37 sec. 
Sect.ion 
A B e 0 A B e 
-13.5 -7.0 - .0 -7.0 - 16. 5 -9.5 
1 
-10.5 
- 15. 5 -8.0 -6.5 -16.0 -10.0 
- 14.0 -7.5 -7.0 -2.8 -16.0 -8.5 - 7.0 
- 13.0 -9.0 -8.5 -10.5 -15.0 -11.0 -9.6 
2.5 -1.7 -1.0 -6.5 .5 -2.0 -2.7 
-1.5 -1.8 -3.7 1. 5 -5.0 -3.5 -5.0 
-2.0 U. [, -2.0 -3.5 -7.0 10.5 -4.0 ~ 
!e 5. r, -6.0 0 0 4.0 -12.6 -1.0 
0 9 - 1.0 -7.0 -1.0 4.5 -6.0 -5, [) -4.5 10 -4.0 ~6.5 3.0 q -3.0 -5.3 3.0 II -2.0 -3.0 4.0 -3.0 -2.3 4.0 
12 4.0 -1.0 -2. 7 -3.5 3.0 0 -1.8 






--- --- - - --------
-3.5 
15 




16 --- ----- -- --- --- -3.0 -5.5 -------- -------- -2.5 
I 
1.235 ec. 2.33 sec. 
Section 
A B e 0 A B e 
---
I ~~ I -12.0 2 - 15.5 -9.0 --- I. ~~~~:--11.0 -10.5 -20.0 - 12.0 ------- -9.0 -22.0 - 13.0 
'" 
" '-"1 g 
Scction 
3 - 16.3 - 7. 5 -6.5 
<I - 13.0 -8.0 -5.5 
5 -7.0 - 1. 5 -2. 7 
6 -6.5 -6.5 -6.5 
7 -15.0 12.5 -4.5 
8 -3.5 - 16.5 -7.7 
9 - .0 6.0 -9.0 
10 5. 3 3.5 2.0 
II 4.5 3.3 2.5 
12 8.5 4.5 5.0 
13 -- .-- . - --- --- 2.5 
14 




16 ----- ---- _ . .. _. .5 
3.00 sec. 
A B e 
1 -10,0 1~~ 
2 -17.0 -13.0 
3 -17.5
1
- 10.0 -9.0 
4 -Ii. 0 -11.5 -.5 
5 -9.5 -4. -1. 0 
6 -10.0 -7.5 -7.0 
7 -21. 0 14.0 - 7.0 
-4.0 , -20.0 -7.0 
-8.3 4.0 -13.5 
3. 0 I. 0 
-1.5 2.0 2.5 






14 ::::::::1::::::::1 15 ............... . 






-5.0 -22.0 -10.0 -S.6 
-6.5 -21.0 -12.8 -10.5 
-7.0 -7.0 -4.8 -4.0 
2.5 -S.5 -7.0 -7.0 
-7.0 -15.0 16. S -7.0 
-6.0 1.0 -23.5 -3 . .5 
-2.5 - .3 -1.0 -9.5 
.5 0 -2.5 3.4 
4.0 -3.5 -.n 2. 
1.0 4.5 1. 5 2.0 
5. 5 _. _._- --
_._---- -1.5 
-2.0 
----._-- .. --_.- -2.0 
-3.5 






o A B 
-14.0 -1.0 -12.0 
- 11. 3 -J.O -15.5 
-10. 0 -20.5 -J4.0 
-6.5 -20.0 -15.8 
- 11.4 5.0 -4.5 
. 0 -10. 0 -8. 0 
-0.5 -16.3 15.0 
-9.0 . 5 -22.5 
-5.0 -8.0 -2.8 
I. 3 -3.0 3.5 
4.0 -4.0 -1.8 
1.0 -7.0 -1.0 
5.0 .............. . 
-0.6 ............... . 
-8.0 ............... . 


















~sc_ct_iOI_' _I ~I_B_ --=-_1_ ~ A B e 
I -18.9 -1.>.3 -14.3 -11. 1 -17.0 -13.8 
2 -H. 6 -14.7 -15.0 -16.0 -14.4 
3 -17.0 -13.6 -12.5 -10.9 -16.2 -12.6 
4 - 19.1 -14.4 -11.0 -10.4 -1.4 -13.5 
5 -9.3 -S.3 -4.0 -11. 4 -7.0 I -5.3 
6 -13.0 -.4 -5.0 9.7 -12.1 -.0 
7 -21. 6 12.6 -7.5 -9.0 -19.8 13.S 
8 - I. I -21. 8 - 7.0 -9.9 -3. 5 -23.2 
9 -S.5 3.0 -15.0 -3.5 -7.9 .9 
10 1.0 .3 0 2.2 -1.0 -1.5 
Il -5.5 0 3. SI 4.0 -4.8 -.6 
12 0 3.2 3.5 3.6 -.5 1. 9 
13 0 3.0 . ............•.. 
14 -.5 -8.7 ............... . 
15 -3.5 . • ...... .. ...... 
IG ••••••• .•.• • •• 0 -G.7 •••••••• ••• ••••• 
-13.7 
-1 1. 5 



















































































































TABLE II- Continued 
CO \VLI.\'"G PRESSURES-ConLinued 
(Lbs. per sq. ft.) 
6.50 sec. 7.00 scc. 
A B e o A B e 
-20. 0 -14.3 -15.0 - J3.4 -I .0 -15.3 -13.0 
-18.3 -16. 0 I ........ -13.0 
-19.0 -14.2 -13.3 -14.1 
=~U -!~:~ =~:~ ! --;U 
-14.5 -9. S -0.3 10.2 
-15.5 -14. 7 
-16.2 -13. 5 -12.1 
-18. 4 -13.1 -12.1 
-4.9 -5.3 -4.0 
-12.1 -8.0 -6.0 
-22.0 14.1 -8.5 -10.5 -19.8 13.0 -S.2 
-0.5 -1 .2 -7. -10.9 -5.0 -20.3 -7.0 
- 7. 9 3.0 -15.6 -3. 5 -7.0 2.0 - 15.0 
2.0 .3 -.3 1.5 .5 .6 0 
-2.3 1.0 4.0 4.0 -4.0 0 4.0 
3. 0 3. 2 3. 5 4. 0 1.0 2. S 2.7 
...... .. ........ 0 3.6 
----- --- --------
-.6 
........ ... ..... -.5 -.1 
-------- --------
-1.4 
....... . ........ -3.5 -8.4 
-------- ------- -
-4.0 
'.' .•. '. ... . .... 0 -6.7 
-------- - -------
-.5 
. 00 sec. 9.00 sec . 
A B e o A B e 
o 
-12.3 

















-14. 0 -14.3 -16. 6 -11.1 -15.0 -14.3 -16. I -12.3 
-17.0 -15.5 -J6.5 -16.0 -14.4 -15.5 
-17.0 -13. 5 -13.0 -3.5 -1 .0 -13.2 -11.0 -6.5 
-1 .4 
I 
-16. 8 -12.7 -15.7 -18.4 -15.5 -13. 4 -15.7 
-3.9 -4. 9 -4.4 -9.4 -2.0 -4.4 -4.4 -9.0 
-10.3 -7. 5 =~:6 1 7.6 -9.8 -6.7 -,1.0 7.2 -15.5 12. I -0.0 -15.0 12 I I -65 - .5 
-2.0 -19. -5.S - .5 0 -1~. 7 -4 S -7.2 
-6.5 -3.3 -11.8 -.5 -5. -4.4 -ILl -.5 
-3.0 -4.0 I.S 3.0 
-3.9 -4. 5 1 I. 2. [) ::~~~~J:~~:~: 4.0 3. 1 :~~~:~: ::~~~~: 3.0 3. I -1.3 1.5 - 1.3 J.(j -2.7 -.5 -27
1 
-.5 
-.5 -10.6 -4.5 -9.7 
-5.0 -10.0 ::::::::1::::::::1 -5.5 -9.4 :::::::r :::::: -2.1 7.6 -2.1 -8.4 
Hun TO. 13, 2n Maneuver: Hight spin 
o sec. 1.0 sec. 
s • eelion 
A B e 0 A B e 0 
-
--- --
1 -12.5 -7.5 -8. 3 -5. 5 -10.0 -6.0 -7.0 -4. 5 
2 -15.5 -6.0 
--------
-5.0 -12.0 -4.5 
--------
-1.5 
1 3 -12.5 -5.5 -6.0 -1.0 -10.8 -4.0 -4.6 -2.0 
4 -12.0 -5.7 -4.4 -5.0 -11.0 -4.5 -3.0 -4.3 
5 -.8 -1.5 -2.5 -3.0 3. -1.3 -1.5 -3.0 






7 -3.5 8.0 - 1.0 -4.0 .7 3.5 0 -3.0 
" 8 4.0 -10.0 .3 - 1. 0 5. 0 -3.0 . 3 .5 :s 
0 9 -5.4 -3.4 -1.5 0 
I 
-2.6 -6.7 .6 1.0 
10 -1.0 -3.5 3.0 1.0 -3.0 -5. 8 3.0 1.0 
[ 
II 0 -2.3 3.5 3.0 -1.0 -3.0 2.5 J.i 
12 4.0 -1.0 1.0 1.0 0 -1.5 -1.0 0 
13 
-------- -- ---- - -





-1.0 -4.0 -2.0 -4.0 
15 
-------- --------








1.50 scc. 2.0 sec. 
Section 1-- - -
A 8 e I 0 A B e 0 
--- ---
1 1 -0.5 -5.0 -4.5 -2.5 -9.5 -4.0 -3.0 -1.5 2 -10.0 -3.4 
------- -
-1.0 -11.0 -3.0 
--------
.5 
3 -9.7 -2. 2 -3.0 -1.0 -0.0 -1.7 -2. 3 0 
4 -9.0 -3.0 -2.6 -2.5
1 
-9.0 -2.5 -2.0 -2.5 
5 5.0 -.8 -1.0 -2.7 3. -.8 - 1.0 -2.5 
6 1. 8 : ~ - . 6 3. 0 1.8 0 -.6 3.0 <> 7 2.5 .8 -2.0 2.5 1.5 .8 -1.5 
" 8 5.0 -.5 .6 2.0 5.0 -1.2 .6 2. S :s 
0 9 -2.0 -8.2 1.5 1.6 -2. 6
1 
-0.7 1.5 2.0 
10 -3.7 -5.8 3.0 1.3 -2.0 -5.2 3.0 1.3 
Il -2.0 -2. 8 2.5 1.7 - 1.0 -2.3 2.5 2.0 
12 -1.1 -1.5 -.8 -.5 
.. ~~~: ... ~~~~.i 0 . 8 13 







-------- ---- --- -
-2.5 -2. 5 
----------- - ----
-2.5 -2.5 







PRESSURE DIS'fRIBUTIO OVER FUSELA.GE OF A PW- g PURSUIT AIRPLA E IN FLIGHT 29 
T.\BL~ II Co ntinued 
(;O \YLL\G PRES URE - ontinued 
(Lbs. per sq. ft.) 
3.0 so(". 
A 
1 -1;>.0 -7.6 
2 -17.0 -:;.5 
3 -16.5 -60 
4 -I.,.:; -65 
;) -1. 0 
-4.0 
7 -6 . .1 
B 3.4 
9 -7.0 
10 2. 0 
II 2.5 
12 6 .. ,
-3.4 
-4.0 



























































































-23.0 -10. 4 
-19.5 -9.0 
-16 . . , - It.O 
-5.0 -4.0 
-6.0 -5.0 
- 12.4 14.0 
2.0 -22. 5 
-7.5 -1.0 
i:~ I =U 
















A I B c 
- 16.0 -20.0 -10. 5 - 12.0 
-12.0 -24.0 -10. 4 
- 11. 0 -22.5 - 11.0 ':": i'o~';" 
-1".7 -22.0 -12.0 -9.5 







8. 0 -2.0 
2.0 -1. 0 -3 .. ,
I. ii 4.0 -.3 
=~: ~ =~~: ~ I :: ~ 
-4.0 -6.0 5.0 
-3.0 -3.3 -4.5 

























































































13 ............... . -3. 0 















































































TABLE II- ConLinuccl 
CO WLIXG PRE 'URE -Continued 
(L bs. per sq. f t.) 
7.0 sec. 8.0 sec. 
A B c o A B ~, 
-27.0 - 10. 5 -17.0 
-34.5 - 11. 51 ....... . 
-27. 0 -9.3 -12.0 
- 24.0 - 17. -1 4. 0 
;; 16.:; 4.5 0 
6 9.5 5.0 0 
-8.5 -27. 0 -17. 2 
- 14.01-34.4 -15.5 
- 10. 4 -32.0 -11.2 
- 13.7 -30.3 -17.5 
-7.2 14.3 2.0 
5.55.5 2.0 
-15.5 
7 10.5 -5.5 4.4 -2. 0 7.0 1. 0 
810.0 . 5 ;.0 .0 11. ,) 2.5 
9 4. 0 -31. 7 B. 0 








II -7.5 - 10.5 6. 6 
6.0 -1. 4 -29 .. 1 
.0. 0 - 17.9 -20.6 







12 - 10. -6. 0 -12.6 
13 ........ -.5 
14 ........ .... .... -7.0 
I" ..• •.• •• •••• •••• -B. 0 
16 ........ ..... ... -7.0 
9 sec. 







7 11. 5 
~ 10.1 
9 -5. 0 























-9.4 -9.9 -7.5 -0.0 
-6.5 , ............ . -6.2 
- 14. , ............... . 
- 11. 0 ... ....... ... . .• 




















- 1 .3 
-13 . .1 
-9.7 
10 sec. 
A B c o 
-28.0 -15.3 -1.'.0 -9.0 
-34. 4 -16. ,J -14.4 
-28.5 -10. 7 - 14.0 -13.0 
-26.3 -19.9 -16.0 -15. 0 
17. 0 4. 0 0 - .;, 
8.9 ~I .17 
10.5 -3. ,1 3. 7 -3.0 
11.0 6.6 5.0 7.0 
3.6 -33. I I T· 4 6.5 
-20. 9 -22.2 3.8 5.0 
-7. - 10.0 6. ;' 0 
-12.0 -8. 5 -13.0 -.6 
::::::::':::::::: =g: -I?: g 
-8.51-12. :::::::::::::::::1 -8.0 -10.3 
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Positive directions of axes and angles (forces and moments) are shown by arrows 
Axis Moment about axis Angle Velocities 
Force 
(parallel 
Sym- to axis) Sym-Designation bol symbol Designation bol 
LongitudinaL __ X X rolling _____ L 
LateraL _______ y y pitching ____ M 
"TonnaL __ ---- Z Z yawing _____ N 
Absolute coefficients of moment 
L M 
0 1= qbS Cm = qcS 
Linear 
Positive DesigJ;la- Sym- (compo-
direction tion bol nent along Angular 
axis) 
I 
y--.Z roll ______ 
'" 
u p 
Z--.X pitch _____ () v q 
X--.Y yaw _____ 
'" 
w r 
Angle of set of control surface (relative to neu-
tral position), o. (Indicate surface by proper 
subscript. ) 
4. PROPELLER SYMBOLS 
D, Diameter. 
p, Geometric pitch. 
p/D, Pitch ratio. 
V', Inflow velocity. 
r., Slipstream velocity. 
T, Thrust, absolute coefficient CT = 'fD4 pn 
Q, Torque, absolute coefficient CQ =--.!IT'ii; pnLF 
P, Power, absolute coefficient Cp = fD"· pn . 
Cs, Speed power coefficient =.v ~~:. 
1/, Efficiency. 
n, Revolutions per second, r. p. s. 
<1>, Effective helix angle = tan-l (2':n) 
5. NUMERICAL RELATIONS 
1 hp = 76.04 kg/m/s = 550 lb./ft./sec. 
1 kg/m/s=0.01315 hp 
1 mi./hr.=0.44704 m/s 
1 m/s = 2.23693 mi./hr. 
1 lb. = 0.4535924277 kg 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m = 3.2808333 ft. 

